The concentration of progesterone receptors in rat uterine cytosol and nuclei was measured during the oestrous cycle and pregnancy. The method used allowed the measurement of the total concentration of binding sites (unbound and hormone-bound).
INTRODUCTION
Variations in the concentration of uterine progesterone receptors have been described during the oestrous cycle of the guinea-pig (Milgrom, Atger, Perrot & Baulieu, 1972) and hamster (Leavitt, Toft, Strott & O'Malley, 1974) . Preliminary observations have been made in the mouse and rat (Feil, Glasser, Toft & O'Malley, 1972) and in women (Haukkamaa & Luukkainen, 1974;  Bayard, Damilano, Robel & Baulieu, 1975) , but in all cases (except Bayard et al. 1975 ) only cytosolic receptors were studied since no method was available to assay nuclear receptors. The concentration of receptors in the uterine cytosol has also been measured in the guinea-pig at the very beginning of pregnancy (up to day 7 : Milgrom et al. 1972) , and in the rat and rabbit, the binding of progesterone to myometrial cytosol macromolecules has been studied throughout pregnancy (Davies & Ryan, 1972  Davies, Challis & Ryan, 1974) , but it is not clear what proportion of the binding was to the receptor or to the corticosteroid-binding-globulin (CBG)-like protein. The metabolism and distri¬ bution of progesterone in the uterus of the pregnant rat and rabbit have also been reported (Lawson & Pearlman, 1964; Wichmann, 1967) .
In this paper we describe the variations in the concentration of uterine progesterone receptors during the oestrous cycle and pregnancy in the rat. The concentrations of both cytosolic and nuclear receptors were measured by the techniques described in the two preceding papers (Vu Hai & Milgrom, 1978 a, b) .
MATERIALS AND METHODS

Animals
Sprague-Dawley rats (200-300 g) were kept in animal rooms lit between 06.00 and 20.00 h. Vaginal smears were taken each morning and only animals showing two successive normal cycles were used. In the study on pregnancy, rats were mated and the day on which spermatozoa were found in the vagina was considered as day 1 of pregnancy. Animals were killed at 10.00 h. In the pregnant animal, foetuses and placentae were removed, and the uteri were used immediately for receptor assays.
Experimental procedures All other experimental procedures were as described in the two preceding papers. Cytosolic receptors were assayed according to the method described in Vu Hai & and nuclear receptors according to the method given in Vu Hai & Milgrom (1978 b) . A value of 6-5 pg DNA/cell was used (Williams & Gorski, 1972) to calculate the concentration of receptor binding sites/cell.
The concentration of progesterone in the plasma was measured by a competitive proteinbinding assay which included chromatography on Celite for the purification of progesterone (Pichón & Milgrom, 1973) .
RESULTS
Oestrous cycle
The number of cytosolic receptors peaked at pro-oestrus (about 30 000 binding sites/cell), decreased at oestrus and metoestrus (about 6000 sites/cell) and began to increase again at dioestrus ( Fig. 1 and Table 1 ). This pattern is very similar to that previously described in the guinea-pig (Milgrom et al. 1972 ). In the nuclei the highest concentrations were attained during both pro-oestrus and dioestrus (about 4000 sites/cell), whereas the lowest were observed at oestrus and metoestrus ( Fig. 1 and Table 1 ). However, the ratio nuclear : cyto¬ solic receptors reached its maximum value at metoestrus. Pregnancy During pregnancy there are marked changes in, for example, the size, water imbibition and protein content of the uterus, and therefore the expression of the results in relation to DNA content (see Fig. 2 ) is probably the best way of comparing the concentration of receptors at various stages. The concentration of cytosolic receptors was very low at the beginning of pregnancy. A temporary decrease was observed on day 5, which was accompanied by a parallel increase in the number of nuclear receptors, suggesting that there was a transfer of complexes into the nuclei under the influence of an increased concentration of pro¬ gesterone in the plasma (Table 2) . Then, the number of cytosolic receptors began to increase slowly between days 6 and 12 and then very rapidly between days 15 and 22, to give a total sixfold increase between days 3 and 22. It should, however, be noted that there was a parallel increase in the total protein content of the uterus and that receptor concentration/ mg protein showed a markedly smaller augmentation.
In the nucleus, the pattern was very different. In the rat uterus during the oestrous cycle and pregnancy, only a small fraction of the receptors is found in the nuclei, which may be due to an incomplete saturation of the receptors by hormone. The presence in the uterus of proteins which bind progesterone (albumin and CBG-like protein) may also notably decrease the concentration of hormone ±0-90 available for binding to the receptors. These factors and the fact that the affinity of the receptor for progesterone is relatively low could result in only a small proportion of available receptors being bound to steroid. Alternatively, it is also possible that for an unknown reason only a small fraction of progesterone-receptor complexes is translocated into the nucleus. In this work the concentration of progesterone receptors was measured in whole uteri. Since these organs are composed of heterogeneous cell types, it may be that the variations observed in the concentrations of receptors were the sum of different patterns occurring in different types of cell. Arguing against this hypothesis is the fact that auto¬ radiographic studies in guinea-pigs during the oestrous cycle (Warembourg & Milgrom, 1977) and at the period of implantation (M. Warembourg, unpublished observations) have shown parallel variations in the specific labelling of all types of cell in the uterine horns, cervix and vagina. This suggests that similar mechanisms control the concentrations of receptors in these various types of cell.
During the oestrous cycle, the concentration of cytosolic receptors reaches a maximum at pro-oestrus ; in the nuclei, maximum concentrations were attained at both pro-oestrus and dioestrus. This probably reflects the fact that the progesterone receptor is under the control of both oestrogen and progesterone: oestradiol increases its concentration whereas pro¬ gesterone provokes its transfer into the nuclei and also decreases its concentration (Milgrom, Luu Thi, Atger & Baulieu, 1973) .
As previously observed in guinea-pigs, the concentration of receptor was low at the beginning of pregnancy in both nuclei and cytosol. There was a small peak in the concen¬ tration of nuclear receptors (probably due to an increase in the level of progesterone in the plasma) on the day of implantation, and the number of receptors then decreased just before parturition. Since nuclear receptor-steroid complexes are considered to be obligatory intermediates in hormone action, this observation suggests that the effect of progesterone is markedly diminished or even abolished shortly before parturition. This fall in the concentration of nuclear complexes is not explained by a decrease in the total number of receptors since the concentration remains very high in the cytosol, but may be due to a decrease in the concentration of progesterone in the plasma (Table 2) . It is also possible that the increase in the number of receptors in the cytosol during the second half of preg¬ nancy in the rat prevents a premature onset of parturition, which could be provoked by the decreasing concentration of progesterone in the blood. In other species (such as man) there is no marked decrease in the level of progesterone in the plasma before parturition. It remains possible that the 'progesterone block' is removed in these species by a decrease in the number of receptors. There is a striking correlation between the concentration of nuclear receptor reported in this work and the concentration of progesterone in rat uteri described by Wiest (1970) ; there is the same slight increase at implantation, a maximum value at mid-pregnancy and a fall at the end of pregnancy, which begins slightly before the decrease in the concentration of progesterone in the plasma.
